Abstract. Protein kinase D1 (PKD1), one of the protein kinase D (PKD) family members, plays a prominent role in multiple bio-behaviors of cancer cells. Low pH and hypoxia are unique characteristics of the tumor microenvironment. The aim of this study was to investigate the role and mechanism of PKD1 in regulating metabolism in the human tongue squamous cell carcinoma (TSCC) cell line SCC25 under a hypoxic condition, as well as growth and apoptosis. Here, we found that hypoxia not only induced the expression of HIF-1α, but also induced the expression and activation of PKD1. Moreover, we inhibited the expression of PKD1 by shRNA interference, and the growth of SCC25 cells under hypoxia was significantly decreased, as well as the expression of HIF-1α, while the percentage of apoptotic SCC25 cells was increased. Furthermore, stable silencing of PKD1 in SCC25 cells under a hypoxic condition decreased glucose uptake, lactate production and glycolytic enzyme (GLUT-1 and LDHA) expression, as well as reduced the phosphorylation of p38 MAPK. The results revealed that following inhibition of the expression of PKD1 under a hypoxic condition, the growth and metabolism of the SCC25 cells were significantly suppressed. In contrast, when PKD1 was overexpressed in SCC25 cells, the results were completely reversed, except for growth and apoptosis. Taken together, our results demonstrated that PKD1 not only regulates the hypoxic glycolytic metabolism of cancer cells via regulation of the expression of HIF-1α and glycolytic enzymes, but is also involved in the remodeling of the acidic tumor microenvironment. This study suggests that PKD1 may be a potential target for microenvironment-directed tumor biotherapy.
Introduction
Oral cancer is a major public health issue and a social challenge. Tongue squamous cell carcinoma (TSCC) is the most aggressive type of oral cancer. Environmental factors, genetics and immune status have been confirmed to be related to the tumorigenesis of tongue cancer (1) . The tumor microenvironment, which is composed of complex components including stem cells, fibroblasts, immune cells and their secreted factors, is critical to the initiation, development and maintenance of tumorigenesis (1) . As the 'residence niche' of cancer cells, the composition and structure of the tumor microenvironment not only affects the bio-behavior, but also determines the survival and elimination of tumor cells (1) (2) (3) . Targeting the tumor microenvironment by remodeling its components and construction could be a useful a strategy to treat and prevent cancer (4) .
Low pH and hypoxia are unique characteristics of the tumor microenvironment (5, 6) . Glucose metabolism supplies energy for the growth and maintainence of mammalian cells (7) , and cancer cells are well-known to employ glycolysis for energy metabolism (8, 9) . As soon as the primary tumor outgrows its blood supply and creates a hypoxic microenvironment, cancer cells typically switch to a glycolytic metabolism and secrete lactic acid, creating a low pH microenvironment (10) (11) (12) (13) (14) . An acidic and hypoxic microenvironment is not only toxic to the surrounding normal somatic cells, but also induces the expression of HIF-1α, inhibits antitumor immune responses and promotes proliferation, invasion, metastases and recurrence (12, (15) (16) (17) . Investigation and elucidation of the signaling mechanism of hypoxic metabolism of cancer cells is critical to explore new cancer treatment strategies (18) .
Protein kinase D (PKD) is an evolutionarily conserved serine/threonine protein kinase with structural, enzymological and regulatory properties distinct from those of PKC (19) . PKD belongs to the calmodulin-dependent protein kinase (CAMK) superfamily that also includes PKD1/PKCμ, PKD2 and PKD3/PKCν (19, 20) . PKDs can be activated by a number of external stimuli, including G-protein-coupled receptor agonists, hormones, chemokines, bioactive lipids and growth factors (19, 21) . PKDs mediate diverse and complex biological functions throughout the body, including cell proliferation and differentiation, signal transduction, membrane trafficking, secretion, immunoregulation and angiogenesis (19, 21, 22) . PKDs play important roles in tumor proliferation and differentiation, migration, apoptosis, epithelial-to-mesenchymal transition (EMT), angiogenesis, MDR, oxidative stress, autophagy and transcriptional regulation (20, (23) (24) (25) . PKD1, one of the most well-studied PKD family members, is expressed and activated to varying degrees in cancer cells from many different tissues of origin, and has distinct roles based on the tissue of origin (19, 24, 26) . It is overexpressed in pancreatic cancer and skin cancers. However, the expression of PKD1 is downregulated in prostate, breast and gastric cancer (19, 23, 27, 28) . Abnormal expression of PKD1 is often associated with tumorigenesis, progression, apoptosis, invasion and poor prognosis (19, 25, 29) .
In the present study, we investigated the role of PKD1 in hypoxic glycolysis in SCC25 cancer cells. We found that hypoxia not only induced the expression of HIF-1α, but also promoted PKD1 expression and activation, through phosphorylation. PKD1 not only regulated the growth and apoptosis of SCC25 cells under hypoxic conditions, but also promoted glycolytic metabolism ofSCC25 cells by promoting the expression of HIF-1α, GLUT1, LDHA and p38 MAPK within a hypoxic microenvironment. Cell culture and hypoxia treatment. Human oral squamous cell carcinoma (SCC25) cells were cultured in DME/F-12 (1:1) medium supplemented with 10% (vol/vol) fetal bovine serum (FBS), 1% (vol/vol) penicillin/streptomycin mixture and 10μM hydrocortisone (both from Gibco, Thermo Fisher Scientific, Inc.). H1975, SCC25 and HSC-4 cells used in this study were purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA) and cultured at the State Key Laboratory of Oral Diseases in a humidified atmosphere of 5% CO 2 at 37˚C. To induce hypoxia, SCC25 cells were placed in a chamber filled with a gas mixture of 1% O 2 , 5% CO 2 and 94% N 2 .
Materials and methods

Antibodies
Establishment of stable PKD1-knockdown and -overexpressing SCC25 cells. Human LVRH1GP-PKD1 shRNA (clone ID NM_002742.2) and LVRU6GP-control shRNA plasmids were obtained from Thermo Fisher Scientific, Inc. The PKD1-1-SH target sequences are as follows: gcaacaatat cccactcatga. PKD1-2-SH target sequences are as follows: gcaggtactacaaggaaattc. The shRNAs were transfected into the SCC25 cells using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. Positive SCC25 clones were selected for at least two passages by using puromycin treatment at a concentration of 0.5 µg/ml. After two weeks of growth in selective medium, the cells were harvested and the expression level of PKD1 was determined by western blot analysis. Stable PKD1-overexpressing SCC25 cells were generated similarly.
Cell viability assay. The CCK-8 was used to detect the cell viability of the SCC25 cell group (as the normal control group), the PKD1-knockdown group (PKD1-SH), PKD1-overexpressing group (PKD1-OE) and SCC25 control groups (Con-SH and Con-OE). SCC25 cells were seeded at a density of 1x10 3 Glucose uptake assay. To analyze glucose uptake, the fluorescent glucose analog 2-NBDG was used for direct quantification of glucose incorporation in living cells by FCM (Beckman Coulter) (7, 30) . SCC25 cells were seeded in 6-well plates and subjected to hypoxia (1% O 2 , 5% CO 2 and 94% N 2 ). After treatment for 24 h, the medium was removed and new medium containing 10 µM 2-NBDG was added. The cells were then incubated at 37˚C in 1% O 2 , 5% CO 2 and 94% N 2 for 30 min. Cells were washed twice with Dulbecco's phosphate-buffered saline (DPBS; Invitrogen; Thermo Fisher Scientific, Inc.) then trypsinized, centrifuged 1,200 rpm for 10 min and resuspended in DPBS. A flow cytometer was used to analyze the uptake of 2-NBDG in the different cell groups.
Lactate assay. SCC25 cells were seeded in 6-well plates at a density of 2x10 5 cells/well and cultured at 37˚C in 1% O 2 , 5% CO 2 and 94% N 2 for 24 h. Lactate in the medium was measured using a lactate assay kit according to the manufacturer's instructions (Sigma-Aldrich; Merck KGaA).
Western blot analysis. Cells were collected and protein was collected using a Protein Extraction kit (Sigma-Aldrich; Merck KGaA). The protein concentration was measured using a BCA protein assay kit (Thermo Fisher Scientific, Inc.). Total protein (20 µg) was separated using 6 or 10% SDS-PAGE and transferred onto PVDF membranes (Bio-Rad Laboratories, Hercules, CA, USA). The membranes were blocked with 5% skim milk and incubated with primary antibodies against PKD1, phospho-PKD1, HIF-1α, LC3, GLUT-1, LDHA, phosphop38 MAPK, p38 MAPK or β-actin at a dilution of 1:1,000 at 4˚C overnight. Membranes were washed with TBST and then incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies at a dilution of 1:2,000 for 2 h at room temperature. Luminescent signals were detected by ECL Western Blotting Substrate (Millipore, Billerica, MA, USA). Band intensity was quantified using Quantity One Software (Bio-Rad Laboratories). Phospho-p38 MAPK/p38 MAPK was defined as the phosphorylated index (PI) of p38 MAPK.
Statistical analysis. All data are presented as mean ± standard deviation (SD). Significant differences between groups were analyzed by one-way analysis of variance (ANOVA), followed by a Bonferroni's post hoc test. A P-value <0.05 was considered to indicate a statistically significant difference. Graphs were plotted and analyses were performed using GraphPad Prism 7 software (GraphPad Software, Inc., La Jolla, CA, USA).
Results
Hypoxia induces PKD1 expression in SCC25 cancer cells.
The SCC25 cell line is the most common type of human oral squamous cell carcinoma. In our pre-experiment, we investigated the expression of PKD1 in H1975, SCC25 and HSC-4 cancer cell lines. The results showed that PKD1 was expressed in SCC25 cells at a high level ( Fig. 1A and B) ; therefore, we selected SCC25 as the target cell line for further study.
Hypoxia is a common characteristic of the tumor microenvironment. Hypoxia induces cancer cells to express HIF-1α to initiate the expression of tumor growth factor and provide a growth signal for cancer cells. On the other hand, hypoxia promotes cancer cell switch to glycolysis for energy generation. To determine the role of PKD1 in regulating glycolytic metabolic progression of tumor cells, we first analyzed the expression and activation of PKD1 in tumor cells under a hypoxic microenvironment. SCC25 cells were cultured in a humidified atmosphere of 5% CO 2 , 1% O 2 and 94% N 2 at 37˚C to simulate a hypoxic tumor microenvironment. The expression of PKD1, p-PKD1 and HIF-1α were detected by western blot analysis. As shown in Fig. 1C , SCC25 cells exposed to 6 h of hypoxia exhibited enhanced expression of p-PKD1, PKD1 and HIF-1α. In particular, when SCC25 cells were subjected to 24 h of hypoxia, the expression of p-PKD1, PKD1 and HIF-1α reached the highest level (Fig. 1D) . Moreover, the ratio of p-PKD1/PKD1 was significantly increased (Fig. 1D , left lower panel). Based on the above-mentioned research results, treatment with 24 h hypoxia was selected for the subsequent experiments. This result indicates that hypoxia not only induces the expression of PKD1, but also induces the phosphorylation and activation of PKD1.
PKD1 promotes the growth and inhibits the apoptosis of SCC25 cells in a hypoxic microenvironment. Toleration of a hypoxic microenvironment is a characteristic of tumor cells.
To investigate the role of PKD1 in the growth and apoptosis of tumor cells grown under hypoxia, SCC25 cells were transfected with PKD1 shRNA (PKD1-1-SH and PKD1-2-SH) to knockdown PKD1. Compared with the negative control (Con-SH), the expression of PKD1 was significantly reduced, as shown by western blot analysis ( Fig. 2A and B) . As shown in Fig. 2A and B, PKD1-2-SH was found to be the most effective shRNA plasmid with which to knockdown PKD1. Thus, we used PKD1-2-SH to knockdown PKD1 in the following experiments. Additionally, SCC25 cells were transfected with a pCDNA3.1/NT-PKD1 plasmid with a pre-inserted PKD1 gene for PKD1 overexpression (PKD1-OE) ( Fig. 2C and D) . PKD1-SH, PKD1-OE and wild-type SCC25 cells were cultured in a humidified atmosphere of 1% O 2 , 5% CO 2 and 94% N 2 at 37˚C. Live cells were analyzed using the CCK-8 cell counting kit; apoptotic cells were analyzed via FCM. As shown in Fig. 2E , the cell growth curve demonstrated a significantly highest cell death at 3 days in the PKD1-SH group when compared with the other 4 tested groups. Importantly, SCC25 cell apoptosis was significantly increased after PKD1 knockdown with PKD1-SH ( Fig. 2F and G) . However, the results revealed that there was no significant difference in growth between the PKD1-Con and PKD1-OE group, and growth of the PKD1-overexpressing cells was not markedly affected according to the cell growth curve (Fig. 2E) . These results indicate that PKD1 plays an important role in maintaining the survival and growth of SCC25 cells in a hypoxic microenvironment.
PKD1 regulates HIF-1α expression. PKD1 is a protease kinase that is involved in the bio-behavior of cancer cells. HIF-1α is an important regulator of the glucose metabolism in cancer cells. To reveal the role of PKD1 in the progression of hypoxia-induced HIF-1α expression, wild-type SCC25, PKD1-SH and PKD1-OESCC25 cells were cultured in a humidified atmosphere of 5% CO 2 , 1% O 2 and 94% N 2 at 37˚C for 24 h. SCC25 cells cultured in normal condition as a control, PKD1-knockdown or -overexpressing SCC25 cells did not exhibit a significant difference in the expression of HIF-1α under a normal condition (data not shown). PKD1 and HIF-1α expression was evaluated by western blot analysis. As shown in Fig. 3 , the phosphorylation and activation of PKD1 and HIF-1α expression was significantly increased in the SCC25 cells under hypoxia. Moreover, the expression of HIF-1α was significantly inhibited after PKD1 knockdown by PKD1-SH (Fig. 3A and B) . On the other hand, overexpression of PKD1 and phosphorylated activation significantly promoted hypoxia-induced HIF-1α expression (Fig. 3C and D) . These results indicate that PKD1 is an important regulator of hypoxia-induced HIF-1α expression.
PKD1 promotes glycolysis progression in SCC25 cells. The
Warburg effect is a unique characteristic of cancer cell glycometabolism. Cancer cells uptake glucose and release lactate through glycolysis under hypoxic conditions. Detection of the ability of cancer cells to uptake glucose and release lactate in culture media can reveal the glycolytic activity of cancer cells. Wild-type SCC25, PKD1-SH and PKD1-OESCC25 cells were cultured in medium with 10 nM 2-NBDG for 30 min. Glucose uptake and lactate release by cancer cells were analyzed via FCM and lactate assay kits, respectively. As shown in Fig. 4A and B, hypoxia stimulated SCC25 cells to uptake glucose and release lactate. When PKD1 was knocked down with PKD1-SH, the ability of SCC25 cells to uptake glucose was significantly reduced (Fig. 4A, left panel) , as lactate release was also reduced (Fig. 4B, left panel) . Conversely, when PKD1 was overexpressed, the ability of SCC25 cells to uptake glucose and release lactate was significantly increased (Fig. 4A and B , right panels). These results indicate that PKD1 is an important signaling molecule promoting cancer cell glycolysis.
We also detected the growth and the expression of autophagy proteins by SCC25 cells cultured under an acidic environment after knockdown of PKD1. As shown in Fig. 4C , the growth of SCC25 cells was significantly inhibited under an acidic condition. Fig. 4D shows that the expression of autophagy proteins was significantly decreased (LC3-II/LC-3I). These data indicated that PKD1 moderated autophagy to promote the adaptation of tumor cells to an acidic microenvironment.
PKD1 promotes cancer cel lglycolysis by promoting GLUT1
and LDHA expression. GLUT1 and LDHA are two key enzymes involved in the process of glycolysis. Hypoxia induced both GLUT1 and LDHA expression in SCC25 cancer cells (Fig. 5) . When PKD1 was knocked down with PKD1-SH, the expression of GLUT1 and LDHA was significantly reduced as compared to wild-type SCC25 or control-SHSCC25 cells under hypoxia ( Fig. 5A and B) . Conversely, PKD1-overexpressing SCC25 cells had significantly increased expression of GLUT1 and LDHA under hypoxic conditions (Fig. 5C and D) . These results indicate that PKD1 promotes glycolysis in oral squamous cancer cells by inducing the expression of glycolytic enzymes under hypoxic microenvironments.
Hypoxia induces the expression and activation of p-38 MAPK via PKD1.
The p38 MAPKs are members of the MAPK family that are activated by a variety of environmental stresses and inflammatory cytokines. As shown in Fig. 6 , hypoxia is an important environmental stress that activates p38 MAPK. SCC25 cells (wild-type SCC25, PKD1-SH and PKD1-OE) were cultured in a hypoxic environment for 24 h, and the expression of p-p38 MAPK and p38 MAPK was analyzed via western blot analysis. The phosphorylation level of p38 MAPK was increased under hypoxia ( Fig. 6A and C) , whereas the expression level of total p38 MAPK was not statistically significantly different. The phosphorylation level of p38 MAPK and phosphorylated index (PI) of p-p38 MAPK/p38 MAPK were significantly decreased when SCC25 cells were transfected with PKD1-SH in a hypoxic environment for 24 h (Fig. 6A and B) . Moreover, the level of p-p38 MAPK and the PI of p-p38 MAPK/p38 MAPK were significantly increased when the PKD1-OE SCC25 cells were treated with hypoxia ( Fig. 6C and D) , compared with the expression level of total p38 MAPK.
Discussion
The tumor microenvironment is the 'resident niche' of cancer cells (1) . A change in the tumor microenvironment can determine the survival or elimination of tumor cells (18) . Targeting the tumor microenvironment has thus become an attractive strategy for cancer biotherapy (4).
Hypoxia and low pH are unique characteristics of the tumor microenvironment (6) . When tumor growth outpaces angiogenesis within the tumor, the O 2 level can be entirely suppressed within cancerous tissues (31, 32) . Thus, tumor cells switch to a glycolytic metabolism to generate energy and secrete lactic acid, creating an acidic, hypoxic microenvironment (12, 17) . Hypoxia induces the expression of HIF-1α, which controls the expression of hundreds of genes including tumor growth factors, metabolic enzymes and pro-metastatic factors that can promote the growth, metastasis and glucose metabolism of cancer cells, respectively. This unique microenvironment is also toxic to untransformed cells, inhibiting the antitumor immune response and increasing cancer cell drug resistance (33) (34) (35) (36) . As a result, cancer cells acquire an optimal 'resident microenvironment' and escape predation of the immune system (37, 38) . In the past decade, cancer metabolism has received a substantial amount of interest. Along with the progress of cancer genomics, proteomics and metabolomics, the connections between oncogenic signaling pathways and metabolic reprogramming in cancer are being increasingly recognized (39, 40) .
Oncogenic signaling drives many of the metabolic responses of normal cells to growth-promoting signals (41) . For example, AKT activation can increase glucose uptake, enhance activation and mitochondrial localization of hexokinase, and increase glycolytic flux. Both rapamycin complex 1 (mTORC1) and hypoxia-inducible factor (HIF) contribute to the increased expression and activation of glycolytic enzymes (35, 42) . Additionally, MYC can promote the splicing of the pyruvate kinase gene PKM and enhance the expression of PKM2 (43) .
PKD1, one of the PKD family members, is constitutively expressed in a variety of tumor cells (19) . PKD1 signaling is involved in multiple bio-behaviors of cancer cells, including proliferation, apoptosis, migration, angiogenesis, oxidative stress response, autophagy and invasion (19) . The expression and activation of PKD1 can be induced by multiple stimuli, such as growth factors, oxidative stress and chemokines (19, 44) . In the present study, we found that hypoxia not only induced the expression of HIF-1α, but also induced the expression and activation (via phosphorylation) of PKD1 in SCC25 cells after culture for 6 h under hypoxic condition. Although the phosphorylated PKD1 decreased at 12 h, it soon increased and arrived at a peak at 24 h (Fig. 1) . Notably, although the phosphorylated PKD1 decreased at 6 h, the expression of PKD1 and HIF-1α still maintained a high level. This indicates that PKD1 is involved in the expression of HIF-1α which is induced by hypoxia.
Both PKD1 and HIF-1α are important regulators of cancer cell proliferation, differentiation, apoptosis and angiogenesis (19, 24) . Furthermore, HIF-1α is also an important regulator of cancer metabolism under hypoxic conditions (35) . This study presents the role of PKD1 in the growth, apoptosis and metabolism under hypoxia in the most common type of human oral squamous cell carcinoma cells, SCC25. We cultured SCC25 cells in 5% CO 2 , 1% O 2 and 94% N 2 to simulate a hypoxic tumor microenvironment. When PKD1 expression was inhibited with shRNA, cell growth was significantly inhibited. In contrast, SCC25 cells expressed a high level of PKD1 under a hypoxic condition, thus, we transfected the exogenous PKD1 gene into the cells. Overexpression of PKD1 did not significantly affect the growth and apoptosis of SCC25 cells (Fig. 2) . This indicates that PKD1 is a key regulator of cancer cell adaptation to the hypoxic microenvironment.
Hypoxia induces the expression of HIF-1α to initiate the expression of tumor growth factors and glycolytic enzymes (45, 46) , which provide growth signals and energy for tumor cells to adapt to and survive in a hypoxic microenvironment (45) . After our previous finding that PKD1 promotes cancer cell growth and survival under hypoxia, we became interested in the role of PKD1 in cancer cell glycolysis under hypoxic conditions. We used RNA interference and enforced expression to suppressor overexpress PKD1 in oral squamous cell carcinoma cells (SCC25), cultured in 5% CO 2 , 1% O 2 and 94% N 2 to simulate the hypoxic microenvironment. PKD1 knockdown with shRNA significantly decreased not only the expression of HIF-1α (Fig. 3) , but also the expression of GLUT1 and LDHA (Fig. 5) . Similarly, when PKD1 was overexpressed in SCC25 cells, HIF-1α, GLUT1 and LDHA expression was significantly increased (Figs. 3 and 5) . It is clear that HIF-1α is a transcription regulator under hypoxia conditions. HIF-1α regulates the metabolism of cancer cells by upregulating the expressions of glucose metabolism-related genes such as ENO1, pyruvate kinase 2 (PKM2), phosphoglycerate kinase 1 (PGK1), GLUT1 and LDHA in response to hypoxia (30) . GLUT1 is the major carrier mediating glucose transport across mammalian cell membranes (9, 30) . The function of LHDA is to convert pyruvate, one of the products of glucose metabolism, to lactate, which is then released into the extracellular milieu, lowering the pH of the tumor microenvironment (6, 47) . Following the decreased expression of GLUT1 and LDHA after PKD1 inhibition, the ability of SCC25 cells to uptake glucose and release lactate was also decreased (Fig. 4) . Conversely, when PKD1 was overexpressed in SCC25 cells, the ability of cancer cells to uptake glucose and release lactate was increased (Fig. 4) . These results support the hypothesis that PKD1 is an important regulator of cancer cell glycolytic metabolism and the creation of an acidic microenvironment.
We next analyzed the expression and phosphorylation of p38 MAPK after PKD1 inhibition or overexpression under hypoxic conditions. p38 MAPK, which belongs to the MAPK superfamily, is a well-studied stress-activated kinase that transmits numerous extracellular signals and is involved in multiple cellular events (48, 49) . p38 MAPK acts as a double-edged sword; in early stages, it acts as a tumor suppressor; however, it is required for cell survival in later stages of tumor progression (50) . Hypoxia not only induces the expression of HIF-1α, but also increases the phosphorylation and activation of p38 MAPK in cancer cells (51) . The activation of p38 MAPK signaling is necessary for HIF-1α accumulation and nuclear translocation (52) . In the present study, we observed that the knockdown and overexpression of PKD1 elevated the expression of p-p38 MAPK in order to further ascertain whether p-p38 MAPK is involved in the regulation of PKD1 in hypoxia. We found that PKD1 is associated with the activation of p38 MAPK signaling (Fig. 6) . These results indicate that PKD1 plays an important role in hypoxia-induced expression and activation of HIF-1α through p38 MAPK.
In conclusion, low pH and hypoxia are unique characteristics of the tumor microenvironment, which is a potential target for cancer treatment. Adaptation to this unique microenvironment is a basic requirement for cancer cells to survive. Our results have shown that PKD1 not only mediates the growth and apoptosis of cancer cells in the hypoxic environment, but also regulates the glycolytic metabolism of cancer cells by promoting glucose uptake and expression of HIF-1α and glycolytic enzymes in a hypoxic environment. Inhibition of the expression and activation of PKD1 can significantly inhibit glycolytic metabolism of cancer calls as well as create an acidic tumor microenvironment. Hence, PKD1 may be considered as a potential target associated with microenvironment-directed tumor biotherapy.
